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ABSTRACT 


The phenomenon of prey selection and aspects of the life 
history were studied in a population of Phtlanthus alboptlosus 
Cresson, near Empress Alberta, and compared with other populations 
reported in the literature. A disproportionately large number of 
sphecid wasps were used as prey in comparison with southern populations. 
ae did not appear to hunt at flowers, but appeared to hunt 
suitable apocritans found around the Empress dune or captured male 
apocritans which pursued them as potential mates. False burrows 
appear to have changed from primarily an anti-nest-parasite function 
to a visual aid in orientation to the nest. Relative absence of 
other species of Phtlanthus is taken to imply the specialization 
of wasps of P. albopilosus fer life on sand dunes. 

Differences in prey selected, nest structure and colour 
morphs is taken to imply geographic isolation and differentiation 
during Pleistocene glaciations. The Nebraska Sand Hill region is 
proposed as a northern refugium where differentiation of the dark 
northern race occurred during the Wisconsin. A southern refugium 
in the American Southwest is proposed for the ancestral stock of the 


pale southern race. 
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Le _LNTRODUCTION 


The study of the wasps of the genus Phtlanthus has recently 
entered into the arenaof active research. Classical studies by 
Tinbergen (1932, 1935) using P. trtanguium Fabricius focused on the 
orientation by females to concealed nests. In North America eee. 
work was done on the genus until about the 1950's. Earlier workers 
hceugae prey of various Phtlanthus species and where the wasps lived 
(Rau and Rau 1918, Peckham and Peckham 1905). Reinhard (1922) 
concluded that females of P. gtbbosus Cresson were better taxonomists 
than man. He reasoned that because of the observed specificity of 
the wasps to a particular group of bees (Halictidae) and the 
occurrence of another family (Andrenidae) represented in the prey 
| records, that these families should be combined. It has been shown 
since Reinhard's early study that most members of the genus Phtilanthus 
are not specific to a few species or families of bees. In recent 
papers (Alcock 1974, Armitage 1965, Cazier and Mortenson 1965, Evans 
1966b, 1970, 1975, and others) bees are reported to be the preferred prey, 
but in some species (P. pulcher Dalla Torre, P. erabrontformts Smith, 
P. zebratus nttens (Banks) (=P. 8. bastlarts Cresson), P. pact ficus 
Cresson, and others) an expansion of prey selection has taken place: 
many sphecids are taken in addition to bees. 

Various workers have investigated aspects of prey selection 
in Phtlanthus. Armitage (1965) explored aspects of prey quality, 


Alcock (1974) experimented with visual clues used in hunting and 
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Evans (1970) investigated some aspects of competition between species 
for prey. 

Most studies on beewolves have involved ethological aspects; 
little information is available in relation to historical aspects 
which shaped the behaviours. Lorenz (1967) stated that behaviour 
", . . Must never be regarded as a product of change or.taken as a 
matter of course when behaviour is found to be adapted to a correspond- 
ing point of the species environment". It is the intent of this 
study using behavioural and structural features to document 
relationships of populations against a background of Pleistocene 
and Holocene changes in environmental parameters. 

The beewolf P. alboptlosus was investigated during the summer 
of 1977 on a sand dune 11 km south of Empress, Alberta. Aspects of 
the behaviour were noted in relation to prey specificity and general 
life history. Comparisons are made with data about other populations 
which are recorded in the literature (Evans 1975). The Empress site 
along with most of Canada was glaciated during the Pleistocene. 
Colonization of the area occurred after the retreat of the ice and 
the building of the sand dunes. In order to relate the findings to 
other populations it is important to know the history of the population 
that one is studying. Different populations have been subjected to 
different selective pressures and these may be manifested inchanges in 
life history and behaviour. Analysis of colour variation provides a 
valuable tool for the interpretation of dispersal patterns and 
postulations on relations between groups. This permits postulation 
of some of the evolutionary aspects which may have been responsible 


for some of the differences seen in various facets of life history and 


behaviour. 
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2.1 Geology and Glacial Events 


The location of the study site at which research on wasps 
of P. alboptlosus was conducted, was 11 km south of Empress, Alberta, 
east of the Alberta-Saskatchewan boundary (50° 51" 30" north, 109° 
59' 27" west; Figure 1). Whitaker and Christiansen (1972) published 
an aerial photo of the Empress area. The dune field straddles the 
provincial boundary and active dunes are on both sides. Other sand 
dune deposits in the general area consist of the Middle Sand Hills 
of Alberta to the west. The Empress dunes are more or less a 
continuation of this system. An area of active dunes occurs about 
10 km southeast of the Empress dunes, about 2 km north of Burstall, 
Saskatchewan. The Great Sand Hills of Saskatchewan are about 60 km 
to the east of the Empress dune field. 

The study dune is the crest of a low bluff overlooking the 
South Saskatchewan River. Sand from the eastern edge of the dune 
blows down the bluff into the gallery forest near the river. The 
Empress dune field is on a layer of glacial till intermixed with 
lacustrine deposits. All of these overlie the Judith River formation! 


which is exposed along the river valley. The undulating terrain of 


the dunes, variety of substrates and close proximity to the river 


lBearpaw formation is present above the Judith River formation 
and beneath the glacial till a few km to the east or west. The Bearpaw 
formation was eroded away by a periglacial river at the site of the 


Empress dunes. 
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Figure 1. Map of study area, & marks the study dune, 
The inset shows the relative position of the study site in North 


America. 
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combine to create a varied physical habitat permitting many species 
of insects to occupy a small area. 

The fauna of the Prairie Provinces is of comparatively recent 
origin. The majority of organisms currently found within the 
provincial boundaries migrated in following the recession of the 
Wisconsin Ice, from refugia in the south. The major glacial advances 
during the Wisconsin eliminated all previous living assemblages. 
Summaries of the events occurring in the Wisconsin are presented in 
Pilea REO I). 

The Wisconsin Glacial Stage is postulated to have begun 
about 55,000 years B.P. and achieved the maximum southward expansion 
of the ice sheet at about 17,000 years before present. It is generally 
accepted that, with the southward movement of the ice, the faunal 
zones were af cia overrun (Léve 1959) in part or were displaced 
(Wright 1970) to the south. Extent of displacement is still a matter 
of much speculation. Martin (1958) argued for a wide band of tundra 
and taiga, Ross (1970) shows a boreal type forest abutting with the 
ice front but Frenzel (1973) portrays the tundra merging with the 
steppe on the Great Plains which splits the boreal forest into eastern 
and western components. Many groups of animals dependent on plant 
associations may have had their populations split into two main groups 
(Freitag 1965, Mengel 1970). 

Much of the insect fauna at the study site appears to be 
dependent on a sandy substrate. Development and eventual colonization 


by the fauna is dependent on past events and conditions. 
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2.2 Dune Formation 

At the zenith of the Wisconsin stage, a large ice sheet 
covered most of Canada. The massive ice sheet slowly moved southward. 
Soil and rocks were crushed, then ground and transported, eradicating 
evidence of preglacial floras and faunas. 

During the time of melting of the Wisconsin ice sheet, a large 
mass of ice impeded drainage of water to the north. Various glacial 
lakes developed. Some were very large, such as glacial Lake Agassiz 
(Mayer-Oakes 1967). However, most were smaller transient lakes, 
which formed in ice-impeded river drainage basins, giving rise to 
extensive areas of lacustrine deposits (Edmunds 1962, Klassen 1972) 
comprised of clay, silt and sand deposits. Wind, reworking sandy 
lake bottoms and deltaic deposits, gave rise to recent dune sands 
Q@iitchell et @a@Z. 1974, Allan 1937). 

Requirements for development of sand dunes are; (1) a source 
of sand and (2) a wind to move the sand (Flint 1971). Other factors 
may modify the availability of sand such as geologic history of the 
area and climate. Geologic events control presence or absence of 
sand, whereas climate controls transport of sand. Xeric environments 
tend to develop sand dunes more readily than mesic areas. Sand dunes 
are found in regions where sand is available for transport (e.g. 
active dunes occur at Brule Lake, Alberta in the boreal forest, 
Dowding 1929). 

The period of dune formation probably occurred in two major 


phases. The first began shortly after recession of the ice, before 
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mineral soils could be stabilized by encroaching pioneer vegetation 
(Ashwell 1966). This phase may have lasted for a short period. 
Following initial development of dune fields a more or less 
mobile boreal type forest may have developed and moved north across 
the plains (Bryson and Wendland 1967, Wright 1970). The climate 
ameliorated, allowing expansion of prairie northward, beyond its 
present limits, reaching a maximum about 7,000 years before present. 
During the Hypsithermal renewed dune building would have occurred. 
Increased aridity reduced vegetation cover allowing increased 
aeolian erosion. During this warm dry period many of the xeric- 
tolerant and sand-adapted insects would have migrated north into new 
unoccupied habitats. Climatic changes have continued resulting in a 
reversal or general cooling since the Hypsithermal. Boreal forest 
has reinvaded much of the northern prairie regions and continues to 


Slowly encroach (Léve 1959). 


2.3 Present Conditions 

Climate is related to the continental position of the locality, 
absence of modifying bodies of water, a mid-northern latitudinal 
location, and the rainshadow influence of the Rocky Mountains 
(Coupland 1950). An important feature is the low average precipitation, 
22.55 cm (8.88 in.) at the town of Empress (1975 Climate of Alberta 
Report). Evaporation rate from free standing water in the Great Sand 
Hills of Saskatchewan to the east is approximately 75 cm during the 
frost free season (Hulett et al. 1966). The Empress area is the most 
arid region in Alberta and may be drier than any area in Saskatchewan. 


It is probably the aridity of the region which permits the continued 
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movement of the sand dunes by limiting the vegetation cover. 

The Empress dunes appear to have similar plant associations 
to those recorded by Hulett et al. (1966) for the Great Sand Hills 
(about 60 km due east). The dunes are inhabited by several species 
of xeric plants (Oryzopis hymenotdes Ricker, Psorealea lanceolata 
Pursh and Sporobolus eryptandrus A. Gray) which are commonly found 
further to the south or on sand dunes in the Great Basin (Chadwick 


and Dalke 1965). 
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3. MATERIALS AND METHODS 


S.. Marerfats 


Study material included 39 adults of P. alboptlosus, 


collected at the study site and 188 borrowed specimens. The latter 


are from the following institutions: 


CAS 


CNC 


CSU 


CUM 


MCZ 


SEM 


UAS 


UCB 


UCD 


USNM 


California Academy of Sciences, San Franscisco. 
Canadian National Collection, Ottawa. 

Colorado State University, Fort Collins. 

Cornell University, Ithaca, N.Y. 

Museum of Comparative Zoology, Cambridge, Mass. 
Snow Entomological Museum, Lawrence, Kan. 
University of Alberta, Strickland Museum, Edmonton. 
University of California, Berkeley. 

University of California, Davis. 


United States National Museum, Washington, D.C. 


Also included are: 80 specimens of prey of P. alboptlosus 


representing 16 apocritan taxa, whose names are listed in Table 5. 


An additional 200 specimens listed as potential prey of P. albpoptlosus 


‘ rE : ; f 
representing 45 apocritan taxa, whose names are listed in Table 


6, were examined. 


Additionally, I examined 128 Albertan specimens of 10 species 


of Philanthus. 


Distribution records for these species in Alberta are 


included in the Appendix. 
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3.2“ Methods 


3.2.1 Investigation of Geographical Variation 


Examination of the trends was accomplished through the use of 
a Compound Character Index (Sneath and Sokal 1973). This approach 
was used because of lack of a single consistent diagnostic character 
or group of characters. The results are summarized in Figures 5 and 
6. The characters used to compile the index values seem to be the only 
ones available. Character states used are noted in the following 
subsections accompanied with notes. 

Females. Eleven characters whose states were constant in a 
given locality varied ES Se Many additional characters, 
such as pubescence length and density, were examined but they varied 
inconsistently. Variation in density of pile may result from age of 
the wasp and variable abrasion by sand. 

1. Frons: An estimate of percentage of the area marked with 
yellow was made. The area considered was delimited at the apex of 
the head by a line of the ocular grid (microscope) placed in contact 
with the base of the median ocelli, which extended, contracting both 
compound eyes. Estimates of the coloured area were made to the. 
nearest 5%. Maximum ranking was given a value of 99%, the border 
between the clypeus and frons was dark and assumed to be 1%. 

2. Clypeus: The clypeus was scored in a similar manner with a 


maximum score of 99%. The area was delimited by the dorsal suture 


with the frons and the ventral suture with the labrum. 
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3. Vertex of Head: The pattern of maculations were given index 
values ranging from 0 for no maculations to 9 for a solid bar. 

4. Scutellum: The character states ranged from entirely black 
through two spots to a single large median spot with index values of 
QO to 9 respectively. 

5. Mesonotum: Three character states were recognized; black, 
two lateral spots and a single tranverse band with index values of 
0, 5 and 9 respectively. 

6. Pronotal Collar: Five character state classes were recognized: 
black, small lateral spots, large oblong lateral spots, broken band 
and a continuous transverse band which were assigned index values of 
OPtaes., */-tand 9vrespectively. 

7. Scutum: An estimate of percentage colour was taken Range was 
from 0% to 50%. Estimates were made to the nearest 5%. Some error 
May be present, but the trends are still apparent. 

8. Propodeum: An estimate of percentage colour was taken, which 
ranged from 0% to 80%. Maculations on the dorsal and lateral 
aspects were used in the estimate. The posterior exposure of the 
propodeum was excluded from the estimate because it was often obscured 
by the abdomen in many specimens. 

9. First Abdominal Tergite: An estimate of the area of light 
color was made from the dorsal aspect. Values varied from 0% to 952, 
estimates were made to the nearest 52. 

10. Abdominal Tergite Two; Color was estimated as for the first 
abdominal tergite with values ranging from 20% to 992. 
11. Abdominal Sternal Spots: These are located on the lateral 


portion of the sternal sclerites, one spot per sclerite per side. 
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The total number of spots on the right side were recorded and assigned 
an index value. 

Table 1 summarizes character states examined and the assigned 
index values for each state. Low values were assigned to black or 
minimum color and high values to the maximum amount of yellow. All 
character states were given equal weighting. Figures 7 and 8 show 
some of the variation in maculation for southern and northern female 
wasps. 

Males. The males showed considerably less variation than did 
the females. Five characters vary but not markedly so. Thus values 
for continual characters had a range of score of five (0-4), in 
contrast with females with a range of score of ten (0-9). 

1. Pronotal Collar: Maculations varied from solid black to a 
continuous bar of yellow. 

2. Scutellum: Only two character states were recognized; 
presence or absence of two yellow spots. 

3. Colour of Abdomen: Most frequent colour for males is bright 
lemon yellow, tinted in some with orange, in others the colour is a 
rich orange to red. The red or darker colour is assigned an index 
value of 0 and yellow the index value of 4. 

4. Pronotal Lobe: Presence or absence of colour was noted ane 
given a value of 0 (no colour) or 4 (colour). 

5. Fourth Abdominal Tergite: Maculation varied from a single 
median spot (index value 0), a series of spots, median and lateral 


(index value 2) and a band spanning the width of the tergite (index 


value 4). 
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Table 2 
Compound character index values assigned to selected 


character states in male wasps of 
Phtlanthus alboptlosus Cresson. 


Index Value 


Character 0 uf Z 3 4 

1. pronotal collar black % 2 ai > Sime Tg <a 

2. scutellum black a = - co’ xa) 

3. abdominal colour orange = orangish - yellow 
yellow 

4.  pronotal lobe black - - ~ oO 


5. . abdominal band 


On itersite 4 = a eam % —— 


Diagrams denote relative shape and size of maculation. 
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Table 2 summarizes the characters used and the weight applied 
to each. Figure 9 illustrates the head and abdomen of a male. 

A score of 0 typified the extreme dark male and a score of 20 
the extreme light male. Few specimens fell in either of these 
categories. Variation appears clinal with darkest males in the north 
and the lightest in the south. 

In addition to the five characters used in the compound 
character index, the genitalia were extracted and examined. No useful 
differences were found. This is consistent with observations by 
Bohart and Grissell (1975) and Strandtmann (1946) who report that 
variability in male genitalia in Phtlanthus between distinct species 


is of little or no taxonomic importance. 


3.2.2 Investigation of Life History 


During the summer of 1977 the wasp species P. alboptlosus 
was studied on a sand dune 11 km south of Empress. Data from previous 
years were incorporated with the data from the 1977 season. 

Early in the field season nests of P. alboptlosus were left 
undisturbed to facilitate observations of behaviour. Each nest was 
staked with a stick about 20 cm in length at a distance of 15 to 20 cm 
south of the nest entrance. Vestibules of most of the nests sloped 
eastward into the dune. 

Each nest was assigned a number. Most nests were located by 
watching a potential nesting area for prey-laden female wasps. 
Potential nesting areas often had males patrolling and landing on the 


sand. When false burrows were present the nests were staked and 


watched. 


: al vr 
j ‘ ; re = 
a4 & bs, ies = : 
Avery. 
i, , rl f an " : 
“4 1 1 : : : 7 a 
roe rl i Wee 7] “cy 
byGe 4 w os bee beau erassarado sia. eosised ta 
\ bd : r nh 4 | 
| } a : a ae ae ae 
] ~ > Saito ted 3 b fre DeSsi oy} 835 eu angie > 4 +7 ee ow 
“i Riera, sty Uae 
' Fire ei ‘ ‘ah . i wey - a ' 
2 hah Sle owtBD wo" 1x : ao 6G Lp LIS 040! exe ene & it 
7 ® Sra ye aie ay 
; rerdgte sh Fis? enomisete a tae ty ocwmtice 8 
aa 
ap mag ere a 
torent: a mito etaetide 4 bakin 
= 4 on Pe a 
2 po i pile 
of f aa a rea ae ay iB a 
, ; ‘eo f & a 
‘ ! + APES : 4 : abe | : std 42 Shs ait 
lus +f : 8 = Eu faek Se vg kina “Ee aot 
/ Rag Vi, 
d es wie ad uF » 2 abato! | bee stat went 16 
a) oe. ink ie a7 
rege. off te ee ve (eR) aaa = - sehesteady 
¥ Se w th im 4 S 
. sl jonivelh maawt tye Lar tnieg Slair ae  eohitoanae 
4 ae Ma 
j 
. san2104 obverse 4 “ert: #0 eiaett tio 
y 7 Ry. “ar aoa l 
\ = ‘ ; i) , : iw 
© Re a pie i ous pst he 
r ‘203010 423) 19. ok ae Beier 5 
Te a eee) at arom ne le i a 
a ui ¥ k 7S wy ¢ 
S299. IQ siasqs. qceew slo Vil go wees gifs “got y 
F - ~y i Rap hi? ‘ j ‘4 
polwesd 4 é Tst1) iivoe weit eal5 babe aie he! 
: é cee bH2 moT? ete6 sds fered Dore ue om 
SO Ay eee oe 
, io) 3 ry x) i pariah 
- iol ays w . 4 ‘ 1 Se. 4 4 b ' wigs 5 ek 
ef oyew bo ‘FS om wok ao28ae% sss i i? ak GE 
x, we ’ i a 2 
a 
ea 2098 feed =. wwotveiisd 30 _stoditirsded gaia al 
F Fe : he. y 
» wo OS o9 Gi 26 sonatetb: «oz 3 gk wo OS 
\ » " < ~~ J a <> “i < 4 Jel Ta We. Os: | 
«- ‘ +t E 
} 9 ] 4 5 
i beqele ataed gis to dzom Fo Belodisgov 
ws i © f . ‘ 7h 
> | 
7 A Py } \ ee 


ve beagool ete 2 ‘ wade £ bsagts 


i A 
ned ‘SS Bad afeap obét~ 5% z 2 6948 x 
Ade < q 69: k3:tm pale 


te Say atten: bes veils 
ue 
18 ba dataiel eran pine ica 


ie i 
7 7 


’ 


on. tecm 


Mi 
a he 


, f 7 


>! 
J - a . 
_ hy ‘ 


259 | eed om bast ‘gaate ees 


o 


a Ag yc Ess: 


wan 
Rea? 


17 


In conjunction with marking nests, individual wasps were 
marked with small dabs of Testors brand model paint on the scutum. 
Five colours were used in two positions (right and left side). Lack 
of a dab of paint was taken to be a sixth colour in conjunction with 
any of the other colours. In a three-position system using black as 
the sixth colour there are 6? - 1 or 215 combinations. Additional 
combinations could be made by adding more colours or positions. 
Females were marked by restraining them in a fold of a light collecting 
net, such that the dorsal surface of the thorax was exposed. After 
marking, each female was temporarily detained to permit the paint to 
dry. It was found through experience that if a female was captured 
immediately after exiting and before the orientaion flight, she did 
not return to the nest. If the female was caught before entry (often 
with prey) or after orientation the probability of sighting the wasp 
again was high. When caught before entry and marked, the wasp 
returned, opened the nest, entered, then exited, closed the nest, 
oriented then departed. Many marked females continued provisioning 
of their nests. Notes were taken on rates of provisioning and 
duration of the nests. 

Males of P. alboptlosus were not studied at the Empress Site. 
From casual observations the males appeared to behave like those 


described by Evans (1975). 


3.260  Inpvestication of Prey: Selection 


Nests were initially observed while attempting to record the 
prey being brought back by the females. Toward the end of July in an 


effort to determine more accurately the prey species many staked 
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nests were sacrificed in the evening when the female was inside with 
a day's capture of prey at the end of the vestibule. Prey and the 
beewolf were collected and placed in 75% alcohol solution. Voucher 
specimens are in the Strickland Museum (University of Alberta). A 
list of prey collected from nests and individual wasps is presented 
in Table 5. 

Observing where the beewolf hunted was tried, by following 
outward-bound females. However females travelled too fast to be 
tracked and were lost when ear, ae the vegetation around the 
dune. 

In conjunction with examination of what was caught by the 
female beewolf, a sample of what may be available as potential prey 
was made. Potential prey was sampled by sweeping vegetation around 
the dune in areas thought to be potential hunting areas. Collection 
of bees and wasps from flowers was made when blossoms of Psoralea 
and Soltdago were present. Dune-inhabiting bees and wasps were 


sampled by netting these insects as they were encountered. Common 


=“gpecies were initially sampled after which they were passed by. 


Notes on relative abundance were made for some of the common species. 
Also included in the survey are Apocrita which were caught at the 


study site prior to 1977. Results are summarized in Table 6. 
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4. LIFE HISTORY IN GENERAL 


Populations of P. alboptlosus are readily overlooked because 
of very localized distribution and this may be the reason for the 
paucity of studies. Evans and Lin (1959) published a note on an 
aspect of way of life based on excavation of a single nest. Evans 
(1975) compared two widely separated populations, one from Albany, 
New York and the other from Roggen, Colorado. 

Choice of habitat tends to bias collecting of specimens 
of P. alboptlosus. They are easily overlooked by collectors seeking 
wasps in more productive areas around sand dunes. Distribution of 
dune and blowout habitats probably restricts distribution of 
P. alboptlosus on a local level. Few other wasps nest in the same 
region of the dune. At present it is not known how restricted the 
wasps are in choosing nesting sites. From information gathered 
(data tags, field experience) I believe that the wasps of 
P. alboptlosus are very closely associated with a dune type of 


environment. 


4.1 Empress Dunes Population of P. alboptlosus 


Females of P. alboptlosus typically nest on margins of broad 
flat bare areas of the sand dune. Nests are in a zone of lightly 


drifting sand, away from vegetation. 


A nest is of elaborate design. The entrance of a new nest is 


concealed by a sand closure and a number of false burrows may be 
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present, ranging from zero to six. Proportion of nests at the Empress 
site lacking false burrows is not known. Numbers of false burrows 
were not recorded. They are constructed immediately following 
completion of a nest at the time of initial closure, but are not 
maintained, and some fill with loose sand in a few hours. From the 
nest entrance a horizontal or nearly horizontal vestibule extends for 
about 25 cm, although accurate measurements were not taken. The 
vestibule terminates at the beginning of a vertical gallery. Depth 
is unknown as provisioned cells were not found. Figure 2b shows 

the profile of a burrow from New York which is similar to the 

burrows found at Empress. 

Prey is stored at the end of the vestibule until a cell is 
prepared. Prey consisted of bees and wasps and their significance 
will be discussed in a later section. 

Females occupy their nest for a relatively short time, usually 
one or two days. Nests were provisioned from late June through July 
into early August. 

Life span for adults of P. alboptlosus is as yet undocumented. 
I assume that females live and provision their nests over a period of 
about three weeks. This figure was arrived at from life spans of 
other species of Phtlanthus, P. gtbbosus (Reinhard 1922) and 
P. crabrontformts (Alcock 1974). 

Sightings of marked wasps of P. alboptlosus at the study 
site were rare. The only record was of a wasp provisioning a new 
nest, 11 days after marking. Life span of adults may be longer or 


shorter than three weeks depending on local conditions. 
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Figure 2. Profiles of active nests of Philanthus alboptlosus, 
Figure 2a from near Roggen, Colorado. Figure 2b from near 


Albany, New York. '"X" indicates position where prey is 


stored. Nest profiles are after Evans (1975). 
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Duration of the larval stage is unknown. In populations 
which are multivoltine it may be inferred to be of short duration, 
possibly a few days to weeks. Populations which are univoltine may 
have a diapause in either larval or pupal stages. An estimate of 
larval life span cannot be made. 

Males in the Empress area typically perched on the sand in 
alert positions. They frequently flew off following oe insects 
and on a few occasions grappled with prey-burdened females. Matings 


were not observed. 


4.2 Comparisons with Other Populations of P. alboptlosus 


Evans (1975) studied nesting behaviour of two widely separated 
populations of P. alboptlosus. For the Empress population, my data 
about nest construction and location, nest duration and male 
behaviour agree well with Evans’ data. 

Evans (1975) reported that in borrows built by females of 
the Colorado population, cells at the terminal end of the gallery 
averaged about 2.5 times deeper than those in the Albany, New York 
population. Range of variation does not overlap, Figure 2 (New York, 
13-25 cm X = 19.2 cm; Colorado 31-62 cm X = 52.0 cm). Depth of 
galleries at the Empress site are unknown in spite of many excavation 
attempts. The gallery was lost at a shallow depth GS, ton20ucm). 

If depth of the burrow reflects past evolutionary interactions 
and not a response to local conditions, presence of shallow burrows 
in the northern populations may reflect past climatic stresses for 
the wasps. Winter temperatures may not be very important but time 
and rate of ground thaw may be. Cells closer tothe surface experience 


warming earlier in the season. This permits 4 longer period of 
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development, which would allow colonization of areas with a shorter 
growing season. The opposite may be true in southern areas: 

intense heating of the sand by the sun may be lethal to cells near 
the surface (Chapman et al 1926) which would select for deep nests. 

Data of adult activity periods were obtained from locality 
labels; dates were consolidated into four day units and graphically 
illustrated in Figure 3 using the area groups illustrated in Figure 4. 
Northern populations (Areas 7, 8, 9, 10, 11 and 12) appeared to have 
one main generation active during July, and in some (Areas 7, 8 and 
9) there appears to be a smaller second generation in early September. 
In the southern population groups, collection dates range from May 27 
to as late as October 17 indicated the possibility of continuous 
generations (multivoltine). 

In all areas except ees (Area 12), data presented 
represent collecting dates, not activity of the adults. On Histogram 
12, Figure 3, the dashed line represents the dates when collecting 
was attempted. Here negative evidence is an indicator of when the 
beewolves were not present. 

Females at the Empress study site appear to occupy nests for 
a shorter period of time than either the Colorado or New York 
populations (Evans 1975). This may reflect fewer cells per nest. 
Evans reports that of 26 marked nests in Colorado only a few were 
active after a few days. In cue New York sample of marked nests 
(n=5), two were active three days later (Table 3). A maximum of four 


cells per nest has been reported by Evans. 
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Figure 3. Temporal distribution of adult Phtlanthus alboptlosus, 
Areas are those illustrated in Figure 4. Dashed line above 
histogram for Area 12 (Empress) indicates collecting dates 


at the study site. 
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Table 3 yi 


Duration of nest occupancy on the Empress dunes in 
comparison with Evans’ (1975) study sites. 


Day 
Locality 0 il 2 3 4 
Empress, Alberta Be 2 0 ~ = 
Albany, New York 5 - = 2 - 
Roggen, Colorado 26 - - = few 


Numbers refer to the nests observed. Day zero refers to 
when the nests were first observed. 
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4.3 Distinctive Features of the Empress Dunes Population 

The Empress population does not have many distinctive 
features differentiating it from the New York population, other than 
possibly fewer cells per nest. In comparison with the Colorado 
population the depth of the nest may be different with the Colorado 
populations digging deeper galleries. Differences in prey selection 
and colour variation are present but will be discussed in a later 


section. 


4.4 Other Species of Philanthus in the Study Area 


The species P. alboptlosus was the dominant Phtlanthus on the 
Empress dunes. Two specimens of P. psyche Dunning were captured, 
one amongst the vegetation and the other over bare sand. Nests were 
not found. Evans (1975) reports that P. psyehe occurs in the same 
type of habitat as P. alboptlosus. When the two species of beewolves 
occur together, P. psyche females nest amongst the vegetation along 
the edge of the dune and P. alboptlosus females nest on bare sand. 

A single specimen of P. solitvagus Say was caught along the 
river. For a brief account of way of life see Evans and Lin (1959). 
Philanthus soltvagus is reported to be a common species in north- 
eastern U.S.A. Females prey on bees (mostly halictids) and some wasps 
(sphecids and vespids). 

Six specimens of P. venttlabris Fabricius were captured, some 
of which were in association with Soltdago flowers. Evans and Lin 


(1959) reported nesting records in flat sandy soil and Krombein (1936) 


records this species from a sand pit. 
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One specimen of P. gtbbosus (Fabricius) was captured at the 
study site. Wasps of this species nest in sandy soil. Cazier and 
Mortenson (1965) induced females to nest in areas where the ground 
was previously soaked with water. The fine porous sand of the Empress 
dune holds little moisture near the surface. Nesting sites of 
P. gtbbosus in the Empress area are probably located along the river 
in damper soil. This may explain why females were seldom seen. 

The sixth species of Phtlanthus found at the Empress study 
site was P. glortosus Cresson, on which little information is 
available on its way of life. Specimens of P. glortosus were the 


largest beewolves at the study site. 
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5. FALSE BURROWS 


A false burrow or accessory burrow is defined by Evans (1964b) 
as "any burrow started from the soil surface in close proximity to the 
true burrow and made by the same individual''. Females of P. alboptlosus 
construct accessory burrow after completion of the nest, and there 
may be as many as six. The classic interpretation by Evans (1964b) 
is that these burrows serve to dupe the nest parasites into 
ovipositing in an inappropriate place or to divert the parasite into 
exploring empty holes where there are no hosts. 

The habit of preparing false burrows appears to have evolved 
several times in the Sphecidae, in association with nesting in open 
sandy environments. Table 4 summarizes the occurrence of false 
burrows in various taxa of sphecids with information on type of 
false burrow, number of false burrows, duration, maintenance, first 
occurrence in time, and pertinent notes on life history. 

Wasps which maintain or repair false burrows dig them early 
in the history of the nest, usually during or after the initial 
closure. The habit is thought to have evolved from quarrying soil 
for a closure of the nest. Maintaining the false burrows would 
simply entail the use of one or a few of the holes as a source of 
soil for later closures. Maintenance of false burrows would provide 
continued protection from some nest parasites. 

Associated with species which dig false burrows early but do 


not maintain them, are various behavioural features which may reduce 


ye One ce | oO aes ne a ue ee i. * 


Di RnR a i iat 


{(de9Qt) awevd yd beak¥eb el b wena ‘crosnapon 0 
aij of ytimbkxong sof at sates Ired einai: 
gisoligedio .% to esleme® “hgabievs bat sme ake 
osody bao .Jaen eds do nubiignee tthe 
(Gh90L) waovd yd nokiasengzezat sheeblo eff 


| -ageodt Op pres evens esastw | 

baw love : oven ot asapeye VeRO Tey wel ia? trikingss4 “ ‘eae a oy Me a 
wees at aides iol goisatyoser at , salbioedg? co a ‘teal : 
i seizi io nosidrmage o6d asritaemre & vidal | 
fo sqy2 20 sokapimbiak daty shkopiige io ane. cada nt am 
se522 - schemes sipphinll wakes eswotmed gniet t0 uote 
,vaosete oti | ae. eedon jagais9eq a Pes a nk # 


vittwe mari ‘2ab ewotud ers stinqes 1 te ide cea 


ie 

_ Sethe ens 103% 0 gntsxst tiiness: -fasr of9 Jo qroiedd ms a ; 

ive, geiezeap most bovtove oval ou agen of shang oat eptueals 
bine. “eerie salad oto gatatsoeten Jeune aiid) ie avian. 

se apliige » th ggked ads Yo vat © 30 ono to say oda Stata yfqaibe 
 sbaveiy: blacw sworpld seta ho. ApracsiclaM .spiprole seapt 302 1 
: Nee “senithenzeq iden sree ooTl soljossomg bevat sno: 


ob viel. Yinas wuiviind selbaeen size ankoege d3ty baaatocpnh a0 


ig 


sountinn ad fisarhe aan i -—* mihi. S39) yet nksjakam Bom | 


ME ‘ 7 
» & us 


% ; 7 4 
ba ‘ > oe ; af fa ; 
; . 7 : : en 1 


& 
ie 


Se. 


the effect of nest parasitism. Females of Bembix progressively 
provision their nests. If parasites do enter the nest the female may 
be able to supply enough prey, permitting survival of both the 

larvae and parasite, thus reducing impact of parasitism. This 
reduction removes some of the selective advantage of maintaining 

the false burrows. 

Females of one species, 8. texana Cresson, construct false 
burrows during final closure. Debris is removed from the nest and 
parasites may be swept out during this process -- but it is not known 
if this happens. Nonetheless, false burrows prepared at this time may 
offer protection from invasion by parasites, at least until 
environmental effects obliterate all traces of the burrow. 

Construction and failure to maintain the false burrows in 
a mass-provisioning species (P. alboptlosus) is unexpected. The 
pattern would be expected in species ah A females practice 
progressive provisioning. The association of provisioning and 
nesting behaviours has changed, which may indicate a difference in 
bunce ton « 

The hypothesis which I propose is the change of function of 
the false burrows made by P. alboptlosus from that of an anti-nest-parasite 
device to that of a visual marker aiding in initial orientation to the 
nest in a habitat with an unstable substrate. A large premium would be 
placed on learning the correct location of the nest without advertising 
its true entrance during the first orientation flight. This would permit 
the female to take bearings on distant land marks and visually relate the 
location of her nest (van Iersel 1964). After orientation, the false 


burrows would no longer have a function, would not be maintained and would 
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£111 with drifting sand. 

A similar land mark function has been attributed to the mound 
building activities of Bembix ltttoralts Turner. Evans and Matthews 
(1975) reported B. littoralis females building a mound of soil at 
the entrance of their burrow, which may serve as a species specific 
marker identifying the nest location when other species of sand 


wasps were present. 
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6.) PREY (SELECTION 


Insects are not very intelligent. Their neural circuitry 
does not permit accumulation of large quantities of stored information. 
This does not imply insects can not learn: on the contrary, many 
site-affixed insects are programmed for learning important aspects 
of the environment. Tinbergen (1935) experimented with orientation 
abilities of Phtlanthus trtangulwn to a concealed nest. Von Frisch 
(1953) experimented with honey bees (Apts melltfera L.), releasing 
workers of different ages at various distances from the parental hive. 
Bees which had learned the landscape returned, the older the bee the 
greater the distance. Orientation toward a particular site is 
governed by experience which is recorded in genetically controlled 
learning. The task of orientation has one ultimate goal related to 
survival: to get the females back to their nest with provisions for 
their larvae. There is little room for plasticity in orientation 
outcome; either the animal succeeds in returning or does not and so 
fails to provision the nest. 

Prey specificity is largely dependent on a genetic basis. 
Various evolutionary and environmental factors interact, being 
expressed as a mosaic of different wasp populations using different 
complexes of prey species (Evans 1966c). Precise entrainment to a 
particular group may be detrimental as prey species are subject to 
fluctuations in relative abundance. A plastic response to a complex 


of groups of prey is a better evolutionary strategy. 
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Females of most philanthine genera use various apoids and to 
a lesser degree, other wasps. Females of most species of Phtlanthus 
show a preference for halictid bees, with a marked tendency of some 
species to use sphecids as prey (Armitage 1965, Evans 1970). Females 
of Aphtlanthops prey exclusively on ants of the genus Formtca (Bohart 
and Grissell 1975). Remarkably, females of most species of Cerecerts 
and those of all species of HZucercerts prey on Coleoptera (Bohart and 
Menke 1976). This is exceptional among the Philanthinae, but 
illustrates very well the sorts of differences that can occur among 
groups sufficiently closely related to be included in a single 
subfamily. These last two genera are closely related to one another, 
but are quite distantly related to Philanthus (Bohart and Menke 
1976). 

In this section, results of observations are presented about 
prey selected by females of P. alboptlosus. From these observations 
inferences are made about methods of prey capture and factors that 
determine acceptability of prey. These inferences are discussed as 
the basis for consideration of a more general hypothesis about 
selection of prey by females of P. alboptlosus: 1) on the Empress 


dune, and 2), elsewhere in the range of the species. 


6.1 The Empress Dunes Population of P. alboptlosus 


Females of P. alboptlosus captured a varied group of prey 
including members of three families of wasps and three families of 
bees. Prey records are listed in Table 5. The wasps used as prey 
were members of nine species with a total of 30 individuals: 26 


males and four females. Aphtlanthops frigidus (F. Smith) males were 
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Table 5 


Prey records for wasps of Philanthus alboptlosus 
Empress study site. 
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Ichneumonidae 


genus species el 0 


Eumenidae 


Stenodynerus anormis (Say) 0 1 


Sphecidae 


Aphtlanthops frigidus (F. Smith) 
Crabro denningt R. Bohart 
Dtodontus sp. 

Melltnus abdominalis Cresson 
Mtcrobembex monodonta (Say) 
Podatonta vtolacetpennts (Lep.) 
Tachysphex tarsatus (Say) 
Tachysphex exsectus W. Fox 
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10 species of wasps; 30 prey records 


Halictidae 


Agapostemon sp. 

Haltetus rubteundus Christ 
Haltetus sp. 

Lastoglossum sp. 

Sphecodes sp. 
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Colletidae 
Colletes sp. 0 19 


Megachilidae 
Osmta sp. sh 


7 species of bees; 50 prey records 
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the most common wasps used as prey (17 individuals). 

The 48 male and two female bees captured as prey were members 
of seven species. Most of the prey records were divided between 
males of two species, Haltctus rubtcundus (n=23) and Colletes sp. 
(n=19). 

Prey records total 80, of which 37.5% are wasps and 92.5% 
are male apocritans. 

Prey ranged in length from 5 to 11 mm with a few wasps 
measuring 14 mm and 19.5 mm. The most commonly used prey ranged from 
Sto ll mm. 

In conjunction with this study, I collected wasps generally 
in the study area, to establish a basis for comparing what was taken 
with what was available. Table 6 contains data on apocritans whose 
adults seem to be within the size range preferred by females of 
P. alboptlosus. See the Discussion section. 

Rates of provisioning are relatively slow. One wasp (#004) 
returned in five minutes with prey; another wasp completed the task 
in 55 minutes. Provisioning rates for a few wasps are shown in 
Table 7. 

I also considered provisioning rates as a function of total 
daily catch. These may be tallied by excavation of the nest after 
provisioning activities have ceased, usually by 1800 h standard time. 
Contents of the nest are stored at the end of the vestibule until 
a cell is constructed. I do not know when this takes place but the 
activity appears to occur at a later time, possibly the next day. 
Table 8 summarizes the number of prey per vestibule. It appears 


that the females capture about five prey for each cell provisioned. 
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Table 7 


Provisioning rates for selected females of 
Philanthus alboptlosus. 


Individual Leaving Returning Time 

Time h Time h Elapsed 

004 1325 1330 5 min. 

006 1336 1342 6 min. 

007 before 0858 1030 92 Min, 
1036 1050 14 min. 

014 1250 1345 55 min. 

019 1158 1220 Ze 


Time intervals are from when the female left the nest to. 
when she returned with prey. 
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Table $ 


Number of prey per nest. 


Date Number of Prey record Number of 
nests number prey 
20° Vil 6 a: 4-7 4 
Po coN Lit / h Z 11-16, 11 
18-22 

CorVEL) | 5 30-53 24 
fo Se ay 5 54-80 P| 

13 nests 66 prey 

records 


Calculations are based on nests dug up after 1800 h when no 
further hunting was expected. The average number of prey per nest 
is 5.1 individuals. 
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Nests were occupied for a maximum of two days (digging to abandonment) 
with most being occupied for a single day (about 24 hours). 

Because of the very slow provisioning rate, my efforts to 
trace hunting sites were thwarted. On August 4 I observed a female 
P. albopilosus attack and capture prey. A beewolf cruising about 50 
to 60 cm above the sand near a colony of Microbembex Hera Tee 
wasps, dived to the ground, and attacked and captured one of the 
Microbembesx. The latter individual was either flying near or 
resting on the sand. I did not see it until the beewolf made 
contact. Beewolf and prey were collected immediately. The Mrcrobembex 
is Prey Record No. 54. Females of Microbembex monodonta nested along 
the edges of the sand dune. 

Throughout the entire 1977 field season, wasps of 
P. alboptlosus were not. observed at flowers, but this does not mean 
that they do not visit flowers. If female P. alboptiosus did hunt at 
flowers I would expect that the number of female bees taken as prey 
would increase or exceed the number of males captured. Females of 
several species of bees of the correct approximate size to be used 


as prey were quite common on flowers on or near the dune. 


6.2 Comparisons with Other Populations of P. alboptlosus 


Evans (1975) reported a prey capture pattern similar to the 
Empress population of P. alboptlosus from Albany, New York. Females 
in the Albany population captured wasps of two families (Sphecidae 
and Eumenidae) and captured bees of three families (Colletidae, 
Halictidae and Andrenidae). Prey records of wasps comprised 17.32 


of the total catch, and of male Apocrita, 79.042. 
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Exact duplication of the results is unlikely as beewolf 
populations are widely separated geographically and may have a 


different mixture of potential prey species available. 
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On reviewing prey data presented for the Colorado population 


of P. albopilosus, a marked discrepancy is evident. Number of 
species and families of Hymenoptera decline, for 7/3 prey records 
include only four species of two families of bees (Halictidae and 
Colletidae). Because few populations were examined, difference may 
be due in part to sampling error. 

Evans and Lin (1959) noted the contents of a single nest of 
P. albopilosus in Tuba City, Arizona. The nest contained one 
halictid and four anthophorid bees.. The sample is too small to 
indicate possible trends. 

Many authors (Armitage 1965, Evans 1966b, 1970, Reinhard 


1922, Tinbergen 1935, and others) have reported female Phttanthus 


hunting at flowers. Pinned specimens of P. alboptlosus from several 


localities bear flower capture data. These are as follows: 
Colorado, on Tamarix; Arizona, on Poltomintha and on Parvettla. 


There are no flower capture data for any northern localities. 


6.3 Discussion 

The data presented show that prey selected by females of 
P. alboptlosus is typical for philanthines generally, t.e.; 
principally aculeate hymenopterans are taken. The data also show 
that a mixture of bees and wasps is taken, and this is consistent 


with Evans’ (1975) observations on a colony of P. alboptlosus in 


New York. However, information of this sort is only the first step 
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to understanding the general phenomenon of prey selection for this 
species. A general hypothesis is required to guide further inquiry. 
The hypothesis will serve as the point of departure for establishing 
predictions, and in turn these form the basis for assembly of 
additional data. 

An organism specializing on a particular group of prey 
species has many factors influencing choice. Physical constraints 
of the predatory apparatus and behavioural restraints control which 
type of prey are suitable. Behavioural restraints may involve 
regulation of where the organism hunts, type of prey and quality of 
prey acceptable. Availability of suitable prey and its relative 
abundance will affect what is caught by the predator. 

Prey selected by female P. alboptlosus on the Empress dunes 
consists of mostly bees and sphecid wasps. Members of three families 
of bees were used (n=50) with Haltetus rubteundus (n=23) and 
Colletes sp. (n=19) being the primary prey species. Members of three 
families of wasps were used (n=30), of which most were sphecids 
(n=28). The primary sphecid species whose members were used as prey 
was Aphtlanthops frtgtdus (n=17). 

In another study, Armitage (1965) investigated prey selection 
by females of the beewolf P. btetnetus (Mickel). The data Satin his 
experiments demonstrated that females rejected old bumble bees in 
preference to capturing younger bees. Recognition of suitable prey 
was made after contact with a bee. 

Alcock (1974) demonstrated that females of P. ecrabrontformts 
Smith attacked balsawood models about the size of potential prey. 


Attack was greatly influenced by colour: dark models were attacked 
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at a high frequency in comparison with light coloured models. Beewolf 
females did not capture (defined as grapple and sting the model) any 
model but did capture suitable prey when presented under the same 
conditions. Alcock observed in the field that females struck 
bumblebees, ants and halictid-sized flower buds. Female P. crabroniformis 
appear to hunt visually, attacking suitable sized and coloured objects. 
Grappling and stinging occurred only when members of prey species were 
encountered. Tinbergen (1935) reported that olfaction was important 
in prey discrimination for females of P. trtangulwm. Aspects such as 
those mentioned above make it difficult to predict what should be 
captured in relation to what is potentially available. It appears 
that prey specificity for a given species may be adequately predicted 
only by examining past performance. 

Certain parameters are measurable and are of some use in 
predicting exploitation of a particular species of bee or wasp 
rather than another species. Evans (1970) used length of prey, but 
this is a rather imprecise indicator of potential prey species 
because body form of bees and wasps varies considerably in relation to 
length. Measure of mass would be superior; however, live weights 
are required and these are difficult to obtain under field conditions. 
Mass or weight would place an upper limit on size of prey feea, 
because a beewolf must carry prey to the nest by means of flight. 
Lower size limits may be related to ability to grasp and manipulate 
the victim. However optimum prey size may also be influenced by 
competitive exclusion (Evans 1970). Nevertheless, I use body length 


to estimate prey acceptability. 
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Potential prey are regarded as adult apocritans whose minimum 
body length is 5 mm and maximum length is 11 mm for stout forms 
and 20 mm for slender forms. These figures place some restraint on 
which species of bees and wasps may serve as prey. 

Table 6 lists names of apocritans inhabiting the study area 
whose adults are of a suitable size to serve as prey for females of 
P. albopilosus. As-an indicator of where females of P. alboptlosus 
may be. hunting, notes are included on locations and relative abundance 
of potential prey. 

In comparing what female beewolves caught and what was 
available, Tables 5 and 6 show little similarity.* Females seem to 
specialize on a few common species near but not right on the dune. 

If female beewolves hunted primarily on the dune it is expected that 
a number of genera representative of dune dwellers would have been 
better represented as prey. Another discrepancy is evident; in 
Table 5 there is a heavy bias toward males of the dominant species of 


-prey. Males of many species of bees and wasps frequent flowers or 


“positions near flowers while seeking potential mates. 


How do females of P. alboptlosus hunt? Females flew swiftly 
from the nesting area into vegetation surrounding the dune, where they 
were quickly lost from sight. There were few direct observations of 


female P. alboptlosus hunting. Inferences on methods of hunting are 


* comparison of the proportion of bees to wasps was made using 
the statistic Chi Square at a significance level of « = 0.05. The 
null hypothesis was that there is no difference in proportions of 
genera of bees and wasps used as prey as opposed to potential prey. 
The calculated statistic, x* = 10.12 is greater than the expected 
statistic, xy? = 3.84. The null hypothesis is rejected, the 
proportions are not the same. 
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derived from examination of Table 5 and its comparison with Table 6. 

In view of the prey captured I think that two different 
methods of hunting are employed. The first is to ‘pounce on any 
apocritan that moves'. This would produce a wide spectrum of prey 
used and would not be biased toward a particular species or sex. 
A number of apocritans not commonly encountered in large numbers would 
be used. 

A second method of prey capture may be to attack and capture 
male bees or wasps trailing the female beewolf. Males of many 
species of bees and wasps readily trail other insects which appear to 
be potential mates. Those who recognize the mistake before the 
beewolf detects them may survive. Male bees and wasps which are 
much larger or smaller than females of P. alboptliosus may detect the 
error at greater distance; those whose females are of similar size 
and colour would likely continue pursuit and may possible grapple 
with the ez cealls It is not known if the female beewolf detects male 
bees and wasps at a distance or close up; observations are needed. 
It should be noted that the three species of prey captured in the 
greatest number were males of Aphilanthops frigidus (F. Smith), Colletes 
sp. and Haltetus rubteundus Christ. Females of the three prey species 
approximate the size and appearance of female P. alboptlosus. 
Neither the A. frigtdus wasps nor the Colletes sp. and H. rubtcundus 
bees were very abundant around the dunes. 

Phtlanthus females are primarily visual hunters (Alcock 1974) 
which decide upon prey acceptability after contact (Armitage 1965). 


Females of most species of Phtlanthus documented in the literature 
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hunt on flowers and use mostly bees as prey (Armitage 1965, Evans 
1966b, 1970, Reinhard 1922, Tinbergen 1935 and others). By inference 
via comparison of potential prey and prey selected, in conjunction 
with observations it may be hypothesized that, female P. alboptlosus 
selected prey by: 1) use of vision in the initial finding of prey, 
but discriminating suitable prey from insects encountered occurs 
after contact was made (size, taxon and quality), 2) use of two 
methods of hunting, a) indiscriminate pouncing on flying insects 
(mostly apocritans) around the dune and, b) capturing males of 
apocritans pursuing them as potential mates and 3) searching for 
prey around the dune, but not on flowers as is common for females 

of other species of Phtlanthus. 

The prey selected by female P. alboptiosus (Empress dunes) is 
consistent with a eet examined by Evans (1975) at Albany, 

New York, but inconsistent with the population examined by him at 
Roggen, Colorado. This suggests that there may be either a genetic 
basis, which is behaviourally manifested in either: 1) site of prey 
capture or, 2) acceptability of potential prey after contact has 
been made or, 3) the result of opportunism. 

Change in prey selected, may have occurred as a result of 
populations of P. alboptlosus becoming isolated in different refugia 
during the Wisconsin glaciation. In a northern refugium (Nebraska 
Sand Hills, see Section Se nee in faunal composition occurred as 
a result of changing climate. This may have accounted for a shift in 
prey selection. A decreasing abundance and number of suitable species 
of bees, as prey, may have induced the eventual selection of a 


population of P. alboptlosus which used sphecid wasps as a major 
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component of prey selected. Selection of sphecids over other 
groups of wasps may be in part, due to prevalence of dune nesting 
species with similar environmental tolerances, relative abundance 
around dunes and a suitable body size. 

I postulate that the major evolutionary events occurred 
during the Wisconsin but the processes may still be acting on. 
populations of P. alboptlosus which are manifested in behavioural 
shifts which control vsrious aspects of prey selection. The northern 
populations appear to have diverged, expanding the spectrum of prey 
taken, while the southern populations retain a narrow prey spectrum 


specializing on bees. 
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7. GEOGRAPHICAL DISTRIBUTION AND VARIATION 


7.1 Known Range and Locality Data 


Phtlanthus alboptlosus is almost transcontinental in 
distribution with the most eastern known locality at Albany, New 
York (Evans 1975) and the western most at Hatton, Washington. The 
most northern locality is 175 km north of Empress at Rutland, 
Saskatchewan. It is doubtful that the range extends much further 
north. The southern known extreme is on Padre Island, Texas. 
Probably the range extends into central Mexico, but confirmation is 
required. 

Localities of material studied are listed below. Numbers 
following locality names indicate the number of females examined 
followed by the number of males examined. Acronyms represent 
collections from which the material was borrowed. 

Material examined: 

CANADA: ®**Al'berta: “Empress (11 *km”south), 31, “8; ‘Medicine Hat, 
6S2T4y CONC}IUAS)$"Orion, 0; 2) -CUAS).') “Manitoba? Aweme, 2,8, °CCNC;, 
UCD); Harteny 0, 1, (SEM); Onah, 3, 0, (CNC). Saskatchewan: (see 
Empress, Alberta) Elbow, 5, 6, (CNC, UCD); Rutland, 3, 8, CENG> UCD) < 

MEXICO. Chihuahua: Samalyuca, 0, 1, (UCD). 

UNITED “STATES F?°Arizonal “Coconino County: “Tube “City; 1; °0, 
(CUM); Navajo County: Hotenvilla, 1, 1, (UCD); Indian Wells (16 
miles south), 1, 0, (UCD); Judito Trading Post, 1, 2, (UCD); Joseph 
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Colorado: Alamosa County: Great Sand Dunes National Monument, 0, 2, 
(CSU) Bent County :- Hasty, a6.ul, (CSU)s eProwers County: Carlton, 1, 
3, (CSU); Lamar ((10 miles west), 0,.2; (CSU); Weld County: Roggen, 

9, 0, (CSU). Idaho (Strandtmann 1946). Iowa: Woodbury County: 
Serveant Bluft, 1, 2 CUSNM);) ‘Sioux Gity, 0, 1, (USNM).. illinois: 
Cook County: Chicago, 2, 5, (MCZ). Kansas: Kearny County: McKinney 
Lake, 0, 1, (MCZ); Stafford County: Salt Flats, 2, 4, (CUM, CNC, MCZ). 
Minnesota: Polk County? Muskoda, 0, 1, (CUM). Montana: 0, 2. 
Nebraska: Cumming County: West Point, 1, 2, (USNM). New Mexico: 
Dona. Ana County: Las Cruces, 0, 2, (CAS, SEM); Otero County: White 
Sands National Monument, 0, 5, (MCZ, UCD); San Juan County: Shiprock 
(near), 0, 1, (USNM); Socorro County: La, Joya Wild Life Preserve, 8, 
10, (CSU, MCZ). New York: Albany County: Albany (Evans 1975). North 
Dakota: Billings County: Medora, 0, 1, (MCZ); Ransom County: Mcleod, 
1, 1, (UCB), Sheldon, 2, 1, (CUM, MCZ); Richland County: Walcott 

(11 miles west), 1, 0, (UGD); Williams County: Williston, 1, 2, (MCZ). 
Ohio (Strandtmann 1946). South Dakota: Fall River County: Hotsprings, 
io Os. (MCZ ys, «Lexase apa eueeoin ee Fabens; 0; 2;— (CAS; SEM Sr 
Hartly County: Romero, 2, 4, (SEM, UCD); Nueces County: Padre Island, 
0, 1, (UCD); Ward County: Monahans State Park, 10, 22 (CSU, IMGZ)’. 
Utah: Juab County: Eureka, 0, 1, (UCB); Utah County: Utah Lake, 0, 

1, (CUM). Washington: Adams County: Hatton, 0, l, (USNM). 

In total 227 specimens were examined, 96 females and 131 
males. Positions of localities are mapped in Figure 4. Dotted lines 
encompassing groups of points define groups of populations which were 
united and treated as a single population, to increase sample sizes 


for statistical purposes. Numbers associated with each area, are used 
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Figure 4. Distribution of Philanthus alboptlosus, 

Numbers shown are used in the text to refer to the localities enclosed 
by the dotted line. The dark race of P. alboptlosus occurs north of 
the dashed line, the light race to the south and Area 1, is not 


assigned to a race group. 


Symbols used: 
locality, specimens seen 
© locality, specimens not seen 
A state record, specimens seen 


A state record, specimens not seen 
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in the text in reference to these areas. An attempt was made to group 
populations into natural groups, using geographical barriers Cae 
present) as boundaries. 

Most localities are in semi-arid to arid regions of the 
Great Plains with clusters in the desert regions. A range extension 
appears to follow the arid interior into the Great Basin. Three 
eastern localities: Chicago, Illinois; Ohio and Albany, New York 
appear somewhat disjunct. These localities may not be unusual: ona 
gross level of analysis the beewolves are not found in regions where 
annual precipitation exceeds 91.5 cm (36 inches). Moisture may be 
affecting presence or absence of suitable habitats rather than having 
a direct influence on the species. Activities by man permit 
colonization of disturbed sites such as sand and gravel pits and 


road cuts. 


7.2 Geographical Variation in Colour Pattern 


Interpretations of species limits for many Philanthus wasps, 
is based on maculation and punctation patterns in the adults. A group 
of closely related species of Phtlanthus were once thought to be 
subspecies of P. politus. Recognition was in part based on coloration 
of tibia, femora, and punctation and shape of metanotal lamina. In 
another species P. zebratus several forms once recognized as distinct 
species have been united and given subspecies status. Diagnostic 
characters were maculations and punctures. 

After examining specimens of P. alboptlosus, it appeared that 
there were recognizable groups based on colour patterns. A compound 
character index was used to quantify the data and the results are 


shown in Figure 5 for females and in Figure 6 for males. To give 
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Figure 5. Compound character index values for females of Phtlanthus 
alboptlosus. 


Area numbers refer to those illustrated in Figure 4. 
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Figure 6. Compound character index values for males of Philanthus 
alboptlosus. 


Area numbers refer to those illustrated in Figure 4. 
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some perspective to the index values used, Figure 7 a, b and d 
illustrate a dark northern female; not all of the characters are 
illustrated. The total compound character index value for the specimen 
is zero. Figure 8 a, b and d illustrate a southern female which has 
a total compound character index value of 93. Figure 9 illustrates 
the typical frontal maculation of the head and an abdomen of a 
northern male. This male received a total index value of four. 

Sample sizes from many individual localities were too small 
and were pooled into more or less natural geographic units. Area 
numbers refer to the geographic areas enclosed by dashed lines in 
Figure 4. 

Figure 4 represents the variation in maculation patterns in 
females; no data were available for Area 1. In the north (Areas 7, 
8, 9, 10, 11 and 12) index values are concentrated toward the low 
range, indicating populations comprised of dark individuals. Most of 
the specimens received index values below 30. A few maculate 
specimens were present but the index values did not exceed 70 units. 
Figure 7 illustrates a dark northern female and the face of a 
maculated female. 

Samples from more southern localities (Areas 4, 5 and 6). 
contained females which had extreme expansion of the yellow markings 
and few specimens were assigned index values less than 70. No 
populations are known to have intermediate index values and occur 
as geographic intermediates. In Figure 8, two females of the yellow 
race are illustrated. 

Females from mountain regions of southern United States 


(Area 2 and 3) are intermediate in coloration, with index values 
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Figure 7. Typical and maculated specimens of female Phzlanthus 
alboptlosus of the northern race. 

Figures 7a, 7b and 7d Heads thorax and abdomen of dark Empress, Alberta 
specimen. Figure 7c, head of maeulated specimen of dark race at 


Medicine Hat, Alberta. 
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Figure 8. Typical specimens of females of the light race of Phtlanthus 
alboptlosus, 
Figures 8a, 8b and 8d, head thorax and abdomen of specimen from 


Monahans, Texas. Figure 8c, head of specimen from Roggen, Colorado. 
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Figure 9. Head and abdomen of male Phtlanthus alboptlosus wasp from 


Empress, Alberta showing typical maculation pattern for most males. 
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between 30 and 70. These groups are the most geographically distant 
populations from those in the northern areas. 

Males of P. alboptlosus also exhibit some trends in coloration 
(Figure 6) but these are not as distinctive. The northern populations 
in Areas 7, 8, 9, 10, 11 and 12 had individuals tending to be darker, 
as reflected in lower index values. Males from the southern areas 
(Areas 2, 3, 4, 5 and 6) tend to be pale, which reflected in higher 
index values. There is not a discrete break in the index values but 
a trend to shift to darker forms in the north and lighter forms in 
the south. The sample from Area 1 was too small to show trends: 
males were of intermediate coloration. Figure 9 shows a northern 
male. 

Index values for each area were averaged, and a plot of the 
female index values versus the male index values is presented in 
Figure 10. If the points formed a random scatter, I would assume 
that there is no evidence to support geographic races. The points 
form loose clusters: the northern groups separate together, in 
contrast to the southwestern populations and the geographically 
intermediate populations. The points illustrate a break in variation, 
with the largest break occurring between the geographically intermediate 
group and the northern group. The phenotypic intermediate groups are 
the extreme southwestern which may grade into the geographically 
intermediate group. The results should be used with caution as some 
sample sizes are Mei an hence may not give an accurate representation 
of variation in the respective populations. Area 1 was not plotted 


because of absence of female index values. 
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Figure 10. Compound character index value comparisons of means for 
colour variation in wasps of Phitlanthus alboptlosus. 


Numbers refer to areas illustrated in Figure 4. 
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7.3 Geographical Variation in Behaviour 


Data on ethological variation is harder to gather as individual 
populations must be observed in the field. In the three populations 
which have been observed, several aspects of the life history should 
be noted. In northern populations (Empress, Alberta and Albany, New 
York) burrow galleries are shallow, prey selection is broad (number 
of species) and includes wasps (parasitoids and aculeates) as well 
as bees. In a southern population, Roggen, Colorado, the burrow is 


deep and prey selection is restricted to few species of bees, only. 


7.4 Taxonomic Interpretation 


The beewolf species P. alboptlosus includes two major groups 
of populations, based primarily on coloration patterns. Additional 
support is given by certain aspects of the life history, burrow depth, 
prey specificity and number of generations per year. 

Populations of the dark form appear to form a cohesive 
geographic unit across the northern United States and southern Canada 
(Areas 7, 8, 9, 10, 11 and 12). Many population samples differ 
slightly from samples collected in more or less adjacent areas. Such 
differences may be due in part to the "founder effect" (MacArthur 
and Wilson 1967), associated with invasion of new areas by few 
individuals. No geographical barriers are apparent between localities 
of the northern race. 

The southern light form is a slightly less coherent grouping. 
In Areas. 2 and 3, an intermediate colour form is present, which is 


partly isolated by mountain divide systems from populations of the 
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extreme yellow form found in Areas 4, 5 and 6. 

In interpreting the data it appears that there has been a 
break in gene flow between the northern populations and the southern 
populations (Figure 10) for an extended period of time (probably the 
Wisconsin glaciation). At present gene flow is interrupted between 
some populations in the southern race by physiographic barriers. On 
the Great Plains gene flow appears restricted between northern areas 
(7 and 8) and southern areas (5 and 6). No populations of intermediate 
coloration were found between these areas. There is little reason to 
doubt that a highly vagile insect like a beewolf should not disperse 
and introgress into other populations. 

Character displacement may occur between ecologically similar 
races which do not freely interbreed. Lack of a physiographic 
boundary separating the races would indicate that contact has 
recently occurred (Vuilleumier 1971). The character displacement 
model would be applicable only if areas of abuttment or narrow overlap 
-of ranges were involved, but with P. alboptlosus Area 4 populations 
=-do not come in contact with the northern race. 

Working with the premise that the races have come into recent 
contact implies a boundary was present at some phase in the species 
history. Area 4 populations may be relatively recent arrivals being 
derived from the yellow populations further to the north which are in 
contact or abuttment with the northern race. Origin from Areas 2 or 3 
is less likely because of mountain divide systems. A north-south 
movement on the Great Plains is more probable because of relative 


lack of geographic barriers. 
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The major isolating event separating the northern and 
southern races was probably the Wisconsin glaciation. Isolation of 
the lineages would have occurred before the zenith, probably in the 
late Sangomon interstadial. This would place the dichotomy at about 
60,000+ years B.P. Whitehead (1972) suggested that speciation occurs 
at a rate of about one dichotomy per 3,000,000 years. On the basis 
of this hypothesis, races of P. alboptlosus have not been isolated 
long enough, to have evolved into good species. 

Regardless of what actually happened in the past, populations 
of P. alboptlosus may be arranged in definable races on the basis of 
phenotypic variation correlated to geographic regions and for a few 
populations further evidence is supplied by aspects of life history 
and behaviour. Many authors have considered the species subspecies 
concept and each has a slightly different idea of what the species- 
subspecies limits should be; some are for recognition, others are 
against. I prefer the argument given by Willis (1967) ". .. if 
subspecies reflect to some degree the actual pattern of variation, as 
well as being convenient 'handles' for reference, their value seems 
sufficient to justify their recognition''. I do not wish to describe 
a new taxon now so I will simply refer to the races as the dark or 
noptherneracen(Areasa/, Fenr9s YOST) and 12) and the light or 
southern race (Areas 2, 3, 4, 5 and 6). Area 1 populations are 


unplaced. 
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8.” SYNTBESIS 


Examination of populations of P. alboptlosus provides 
information in two basic areas: that which pertains to interspecific 
and intraspecific interactions. The first part of the Synthesis 
(8.1) deal with intraspecific interactions in an evolutionary 
perspective. In the last part (8.2) interspecific relationships with 


other species of Phtlanthus and digger wasps are noted. 


8.1 Toward a Synthesis of Post Pleistocene Dispersal of P. albopilosus 


8.1.1 Antecedents 

The appearance of races of P. alboptlosus indicated fragmenta- 
tion of the ancestral range of the species and hence isolation of 
populations for an extended period of time, possibly during the 
Pleistocene. It is the intent in this section to relate the 
divergence in structure and behaviour to the events which might have 
been causative or antecedent. The major events of Pleistocene history 
of North America were documented by Flint (1971) and aspects of the 
glacial history of the Great Plains were documented in Dort and Jones 
(1970) and Wendorf and Hester (1975). 

Due to similarities between the races, a time scale may be 
superimposed which will correlate the events with a relatively recent 
origin. The Sangamon interstadial between the Illinoian and Wisconsin 
glaciations will serve as a starting point. Relatively little 


attention has been directed to reconstruction of climates and biotic 
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associations of the earlier glacial phases. Most of the attention has 
been focused on reconstruction of climate and biotic associations of 
the Wisconsin to recent. Flint (1971) discusses briefly probable 
conditions during the Sangamon, which range from arid in the southwest 
to cool and moist. I interpret this as implying that the climate may 
be comparable to today's, with similar plant biomes. Dune habitats 
would have been present in many areas where they are currently found. 

‘The ancestral taxon of P. alboptlosus was probably similar in 
appearance to individuals found in Areas 2 and 3. Females would be 
about the same size, and nest in dune and blowout habitats. Judging 
from prey preference in other species of Phtlanthus and prey preference 
in the southern populations, halictid bees would be the primary prey 
with other bees comprising a lesser proportion. Burrows may have been 
deep as a result of competition for nesting space or an adaptive 
response to high ground temperatures. 

Pisteinerion of the ancestral stock was probably across the 
Great Plains, extending north into Canada, Figure 11. It is assumed 
that the beewolves did not occupy sand dunes in the northern Great 
Basin, or if they did, the populations went extinct during the 


Wisconsin glaciation. 


8.1.2 Effect of the Wisconsin Glaciation 

Toward the end of the Sangamon interglacial the climate 
began to cool (about 70,000 B.P.); deterioration continued giving 
rise to the Wisconsin glaciation (from 55,000 B.P. to 10,000 B.P.). 
Cool wet conditions induced reforestation of much of the Great Plains. 


Increased moisture also caused reduction of sand dune habitats as 


ground cover increased. 
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Figure 11. Distribution patterns of Phtlanthus alboptlosus through 
time, a) 70,000 B.P. hypothetical range of ancestral stock, b) Ca. 
17,000 B.P. geographic isolation of ancestral stock at the zenith 
of the Wisconsin, c) Ca. 7,000 B.P. expansion of ranges from 
refugium, d) recent distribution of (1) dark race and (2) light 


race. 
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However, in contrast, in large dune fields, porosity of the 
sand would induce aridity by exceptionally good ground drainage; thus 
blowouts may develop. Populations of P. alboptlosus (s.1) in 
association with large dune fields may have survived. Populations on 
small dune systems would have a high probability of going extinct. 

Toward the end of the Wisconsin glaciation climate ameliorated, 
life zones moved north and up in elevation. Many stabilized dunes 
would become active permitting geographic dispersal. Maximal aridity 
occurred during the Hypsithermal, also maximal rates of dispersal may 


have occurred due to increased dune and blowout development. 


8.1.3 Refugial Areas 


In the southwestern United States, arid regions may have been 
present during the Wisconsin glaciation, permitting dune fields to 
remain active. Pleistocene floras of the American southwest have not 
been accurately depicted possibly because of the extreme topographic 
diversity. Life Zones may have shifted down the mountains, but may not 
have been depressed to the extent that the valley flora was totally 
replaced. Intense solar radiation in the lower latitudes may have 
had a buffering effect on south-facing slopes and valley bottoms. 

The American southwest is proposed as a refugium for the southern 
race of P. alboptlosus. 

To propose a northern refugium a suitable area must be present 
during the Wisconsin glaciation. Examining the map compiled by 
Thorp, eal. Gl952) of Pleistocene eolian deposits, very few suitable 
sites are available east of the Mississippi River which could serve as 
refugia. Most of eastern North America would have been cloaked in a 


continuous forest (Ross 1970, Martin 1958, Frenzel 1973, and others). 
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On the Great Plains, several sand dune areas exhibit features 
indicating that some dunes were active during various portions of the 
Wisconsin glaciation. Smith (1965) demonstrated that there were 
several periods of dune building on the Nebraska Sand Hills, as 
evidenced by past movement of stabilized dunes. Northerly winds 
probably blowing off the ice mass were the prevailing winds. At 
present the prevailing winds blow from the west. The large dune area 
may have served as a refugium for some of the sand dwelling organisms 
which were able to adapt to a cooler climate. 

A refugium near the ice front is not a new idea. Latitudinal 
gradients of the vegetation formations may have been greatly compressed 
(Ross 1970). Willis (1967) proposed survival of at least five species 
of tiger beetles (Ctcetndeltda: Cicindelidae) in the vicinity of 
Lincoln, Nebraska during the Pleistocene. I suggest that the 
ancestral stock of the northern race of P. alboptlosus survived during 
the Wisconsin glacial stage of Pleistocene in a refugium in the 


vicinity of the Nebraska Sand Hills. 


8.1.4 Differentiation in the Refugium 


Adaptation to a cooler climate during the Wisconsin glaciation 
by populations in the northern refugium may have been the major 
evolutionary reason for differentiation. Females of the northern race 
are dark: this may be a functional adaptation for absorbing radiant 
heat, which may prolong the length of the time per day in which they 
could hunt. Males may not require as much darkening, as they could 
restrict their activities to the hot microenvironment of the sand 


dune surface. 
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Shallow burrows may be a response to cool ground temperatures. 
Cells close to the surface would warm sooner and experience warmer 
temperatures permitting rapid development in an area with a shorter 
growing season. 

A change in prey specificity may be a response to a reduction in 
number and species of halictid bees available during the Wisconsin. 
Alternate prey species would be incorporated from other groups of 


Apocrita. 


8.1.5 Post-Wisconsin Dispersal 


Following the Wisconsin glaciation, climate ameliorated, and 
many sand dunes developed and older ones become reactivated. Figure llc 
illustrates proposed dispersal patterns for P. alpoptlosus from the 
refugia. 

Expansion of the southern race onto the Great Plains should 
have seen rampant colonization of most of the prairie sand dunes. 

Some factor appears to have restricted dispersal. The light race 

has expanded east and northward on the Great Plains. Expansion of 
range appears to have been limited by the presence of the dark race in 
the north. The rare occurrence of P. alboptlosus in the Great Basin 
may be the result of relatively recent post-Pleistocene edereads 

The very pale form on the Great Plains is somewhat of a 
puzzle: character displacement was suggested in section 7.4, but this 
does not adequately explain the populations found in Area 4, unless, 
there is considerable gene flow between the populations on the plains. 
Mountain barriers would buffer populations found in Areas 2 and 3 from 


an influx of extreme pale forms. 


b : (ee 
i 


P Loy 


he 


da ss vil 


ae wdesegun®: bawetg Gees of ssagqesy 8 dy 
et sceaatahials alin al reena8 rupee bliss = 
restos 5 tbe suas ae ei sramgoteeab via 


eh 


may 


nt aottoubs? 9 oF wameqest a 6d ay 32 sith 
-pkenoowtt ada gait eidelievs ened bitst ied tee 
lo eypota patio omert beanroatoont ad bikgeent 


7) 


Lees 


ar 


bs .barstolism: «teakio +O tantonhe ivanell os REAR 
fe . aa i Mine. 


et 


Sit suigit .asevidhes4 aesed epity sable bas destortl 


; $a9 sox? tad tee SOalh.. <a 70% enr93 383 fherenesd vonogeng 
oA4; paige, 


bivatia er inard wae O2MO eal oredicoe outs 2e' 


i qd re ue 
.eenvb ‘bie st otang oti ie jane te aotansknotis anus. 
‘ oil), 17 bape: Le 7 
g5n% yiadl sil tewtagals berutaaeen ‘sens oD 


rose 


Yo molenaqed 3 cdndals ears ad Oo Ra ket ae i wale 
at aon jaznb ait 20 sabeestq ofa yd berekt need. ave qs « 
pAseb 2922 S002 ganGleqodls Si So eanexiuase oma al 
-teerequkb opssnrtetelt-seed sgessp tievidiles Yo aLones: sda) ct 
& 30 Sedvomos eb entets snag ade ro usa} slag edn ahtty| ae 
Sh ui oA 5 whapne ‘sk egawenun new soncesnineyh sésunai <a ) 
vetaing «2 23th a) Sac? ewotantwyog off? stalex@ ¢ | 
piety GS ao eaoksndunse ody roawdsit ‘wolt soe eng in, 
WeE ban. epee oh awe cence og Fed soon maine 
~ th * - ens steq soscae to sult a id 


, 
E ’ 


t 


1: 


oF 


Te) 


Present distribution of the northern race is the result of 
post-Pleistocene dispersal into new dune habitats. An eastern and 
northwestern expansion of range has occurred. Southward expansion may 
have been blocked by the presence of the southern race. There may be 
enough behavioural differences to reduce the tendency for the groups to 
hybridize. 

It is not known if limited introgressive hybridization is 
occurring. A small percentage of the northern populations contain well 
marked individuals. These may be the result of reversed natural 
selection toward a form with typical warning coloration pattern, or 
they may represent remnants of the ancestral gene pool. In the 
southern populations almost all exenhene examined can be easily 
distinguished from the northern race. One Colorado female was inter- 
mediate between normal southern and well marked northern forms. Other 
dark southern specimens were present but clearly not approaching an 
intermediate condition. The above discussion is primarly based on 
variation in the females; trends are present in males but are more 


conservative. 


8.2 Characterization of P. alboptlosus 

Some evolutionary adaptations exhibited by P. albopitlosus 
converge on those seen in other digger wasps. Development of false 
burrows originated from nest parasite pressures, which are reported as 
intense in open environments. Orientation to the nest is difficult for 
females, as landmarks near the nest may change in an unstable dune 
environment. Use of distant landmarks is important, but fixation to 


these requires seeing the nest site while orienting and keeping nest 
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parasites out. False burrows may serve both of these functions. 

Short occupancy time of the nest as compared to other species 
of Philanthus may be due to the friable nature of the soil. Little 
time is spent digging in comparison to species which dig in hard soils. 
Few cells per nest would be a function of the ephemeral occupancy 
coupled with slow provisioning. A relatively long adult life span, 
nest location in areas devoid of vegetation and anti-parasite nest 
building behaviours may reduce selection pressures for the production 
of large numbers of offspring ("K" selection). 

Reduction in the number of generations per year in northern 
populations is probably a result of shorter growing seasons either 
presently or during the species evolutionary history. 

The relative absence of other species of Phtlanthus on the 
Empress dunes indicates the specialization of P. alboptlosus for life 
on sand dunes. 

These facets of the life history serve as a characterization of 
the species P. alboptlosus as a whole. This also serves in part, as a 


start in the characterization of the northern fauna of Phtlanthus. 
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9. HYPOTHESES AND FUTURE STUDIES 


Many ideas have been brought forward in this study, some of 
which deserve further study. 

False burrows have been proposed as an aid in orientation. 
How might this idea be tested? Repetition of some of van lersel's 
(1964) experiments may be appropriate to determine if distant land 
marks are used. Testing whether the false burrows are used would 
involve moving them without disturbing the wasp before, during or 
after the orientation flight. The result should provide insights 
into the degree of importance in relation, to orientation. 

Predictions can be made on the colour form expected to occur 
in the Great Basin. Predictions may be made regarding aspects of 
the beewolf's behaviour. I predict that females of the Great Basin 
populations will be of a light colour form. I also predict that 
females of the light southern race will dig deep nests, and hunt 
mostly bees, the dark northern races will have shallow nests and 
hunt a wide range of apocritan Hymenoptera. To test these predictions 
collection and observation of many additional populations will be 
required. Accumulation of these data will enable further testing of 
the hypothesis that the taxon P. alboptlosus is composed of two 
distinct subspecies. 

Knowing the post-Pleistocene pattern of dispersal for 
P. alboptlosus may help in understanding the source of the prairie 


and dune fauna found in Alberta and other prairie provinces. The 
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proposal of a northern refugium permits the investigation of other 
organisms, providing a guide for seeking further evidence, to support 


or to oppose the hypothesis. 
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APPENDIX 


Phtlanthus of Alberta 

In the intervening years since Strickland (1947) published a 
list of Hymenoptera of Alberta, new species have been described, 
additional species have been found in the province and the status of 
many of the names have changed. It is not known when specimens in 
the Strickland Collection (University of Alberta) were identified but 
it is suspected to have been before Strandtmann (1946) published a 
classification of Phtlanthus. Many specimens in the Strickland 
Collection were misidentified. In assigning names to the taxa of 
Philanthus found in Alberta I have used the paper by Bohart and 
Grissell (1975) which treats the California Philanthinae and updates 
a key to the North American species of Phtlanthus. 

Taxa recorded from Alberta but not represented in the 
Strickland Collection are listed with the references instead of the 
list of localities following names for which material is available 
locally. There are 32 species of Philanthus known north of Mexico 
with 15 of these species recorded from or near Alberta. Adults of 
many of the species of this genus are readily collected on flowers. 

The name Philanthus is derived from the Greek words Phtla - 
love and Anthos - flower. The name reflects the flower frequenting 


habit of the adults. 
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List of the species and localities of the genus Phtlanthus Fabricius 


for the province of Alberta. 


Phtlanthus alboptlosus Cresson; Empress (11 km south), Orion, 


Medicine Hat. 


UW 


. btlunatus Cresson; Calgary, Claresholm, Cypress Hills, Edmonton, 
Gull Lake, Medicine Hat, Wabamum. 
ae crabroniformis F. Smith; Jenner (8 km east), Lethbridge, Medicine 
Hate DSO Re a 2a WG, 
P. gtbbosus (Fabricius); Empress (11 km south), Lethbridge, Medicine 
ate sp et RO ee Wie be 2 J ROO. Whe ots 
P. glortosus Cresson; Empress (11 km south), Lethbridge, Manyberries, 


Medicine Hat, Orion, Wardlow. 


UW 


tnversus Patton; Buffalo (8 km west). Lethbridge, Manyberries, 
Medicine Hat. 

P. multtmaculatus Cameron; Bohart and Grissell (1975, Map 7), 

Strickland (1947), Medicine Hat. 

P. pactficus Cresson; Bohart and Grissell (1975, Map 10). 

2? P. polttus Say; west to Saskatchewan, Bohart and Grissell (1975) 

P. psyche Dunning; Empress (11 km south), Medicine Hat. 

P. pulcher Dalla Torre; Calahoo, Medicine Hat. 


P. sanbornti Cresson; west to Alberta, Bohart and Grissell (1975). 


Ae) 


solivagus Say; Empress (11 km south). 
P. venttlabris Fabricius; Empress (11 km south) Lethbridge, Medicine 
Hat. 


P. sebratus bastlarts Cresson; Buffalo (8 km west), Lethbridge. 
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AUTOBIOGRAPHICAL SKETCH 


In 1953 I was born in Calgary, where I grew up. An interest 
in nature developed at an early age, as a preschooler, which focused 
on bugs. From 1959 to 1971 I was enrolled in public schools; 
Kensington Road Elementary, Parkdale Junior High and Queen Elizabeth 
penier keh. A butterfly collection was started in 1965, when I 
received a butterfly net and butterfly mounting kit as a gift. A few 
years later I met Hank Oliemans who introduced me to beekeeping. In 
1970 I managed my first colony of honey bees. The following year I 
met John and Bert Carr who stimulated my interest in beetles. They 
kindly gave me many identified beetles which formed the start of 
my beetle collection. 

In 1971-1972 I attended Mount Royal College as a university 
transfer student. The summer of 1972 wae the start of my bee and 
wasp collection. In the fall I entered the University of Calgary 
later graduating in the fallior 2975 with ia Base, in Blology. During 
my stay at the University of Calgary I held a part-time job at 
Riveredge foundation an Assistant Museum Technician curating the 
beetle collection. This post was held from'1973 to fall 1975. 

From 1973 to 1975 I was treasurer of the Calgary and District 
Beekeepers Association. 

In 1974 I received the Imperial Oil Limited, Higher Education 


Award,.which was renewed in 1975. In 1975 I received the Entomological 
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Society of Alberta, Prize in So Lane ee During the summer of 1975 I 
went on a collecting trip to the Yukon. In the fall of 1975 I entered 
the University of Alberta as a Qualifying Graduate Student. In 1976 I 
was awarded the Entomological Society of Canada Postgraduate Award. From 
1976 to date I attended the University of Alberta as a Master of 
Science candidate. 

I have been an avid swimmer through the years and have eed 
a number of awards, with the highest being the Distinction Award 
offered by the Royal Life Saving Society of Canada. I also hold Swim 
Instructor certification, National Lifeguard qualifications and Scuba 
certification. Other past time activities include hiking, cross 


country skiing and fishing. 
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